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U0 Neutrino selfinteractions (bS1)

= Do neutrinos have sizable self-interactions?

Eint ~ _gﬂy¢

m Notoriously difficult to test

Blinov et. al., 1905.02727
Brdar et. al., 2003.05339
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vSl: why do we care?

It is a fundamental question that may shed light into the neutrino mass origin.

Let's be practical: neutrinos are everywhere!
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vSl and cosmology arXiv:2107.13568
Why do we care?

When the CMB is formed, neutrinos are ~ 40% of the energy density of the Universe!

At those times
Photons and baryons oscillate (tightly-coupled acoustic waves, at c/\/§)

Neutrinos just freely propagate (free-stream, at c)
Neutrinos will gravitationally pull!
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Why do we care?
When the CMB is formed, neutrinos are ~ 40% of the energy density of the Universe!

At those times
Photons and baryons oscillate (tightly-coupled acoustic waves, at c/\/§)

Neutrinos just freely propagate (free-stream, at c)
Neutrinos will gravitationally pull!

Or, will they? vSI can make neutrinos a tightly-coupled fluid too.
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vSl and cosmology v Estan, Ot st Unhersty

T The Moderately Interacting Neutrino (MIv) solution
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Cyr-Racine, Sigurdson, 1306.1536; Lancaster, Cyr-Racine, Knox, Pan, 1704.06657; Oldengott, Tram, Rampf,
Wong, 1706.02123; Kreisch, Cir-Racine, Dor, 1902.00534; Barenboim, Denton, Oldengott, 1903.02036; ...
Non-free-streaming neutrinos may affect how we infer cosmological parameters from CMB anisotropies!
Most notably Hy, og, and inflationary parameters N.B.: beware of polarization data, though
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An opportunity opens to explore v, self-interactions. As we show in our paper, we can catch it!
v, are hard to directly produce, but oscillations can help us.
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U0 Astrophysical Sk the basicidea

Kolb & Turner, 1987
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Resonantly enhanced when Ecenter—of—mass = V/S = vV2E,m, = Mj.

For My ~ 10MeV, E, ~ 10° GeV: astrophysical neutrinos at IceCube!
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VSl in astrophysical neutrinos
Focusing on v, + 2021

What do we know about the neutrino spectrum?

AN
AN
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LV
Mass increases

Normal ordering Inverted ordering

(NO) ‘ (10)

= Look for all flavors!

Zm,,<012eV \/Am32 N/Am31~005eV

res i /2m,

m Look for (close) double dips!
And stay tuned on oscillations 4+ cosmology!

E? x d®/dE, [arb. units]

lvan Esteban, Ohio State University
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Focusing on v, + 2021

What do we know about the neutrino spectrum?
m Look for all flavors!

m Look for (close) double dips!
And stay tuned on oscillations + cosmology!

To compare with data, we need a realistic treatment
m Detector effects

m Proper theoretical v-v scattering calculation

ivan-esteban-phys/nuSlprop
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IceCube?

(HESE. Predictions generated with content in Abbasi et al, 2011.03545. We thank C. Arguelles & A. Schneider)
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VSl in astrophysical neutrinos

IceCube?
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(HESE. Predictions generated with content in Abbasi et al, 2011.03545. We thank C. Arguelles & A. Schneider)
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Present constraints and future sensitivity

(HESE analysis generated with content in Abbasi et al, 2011.03545. We thank C. Arguelles & A. Schneider)

1

m lceCube-Gen2 will be very powerful!
Could even be sensitive to other vSl flavors!

m Gen2 will exploit the full potential of neutrino
astronomy to probe vSl.

There is plenty of phenomenology to be explored:
our code is publicly available to avoid unreliable
approximations.
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github.com/ivan-esteban-phys/nuSIprop
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Conclusions arXiv:2107.13568

Z s inyisible

2 oY == . . . . .
et e Neutrino self-interactions are not only fundamentally interesting,
)} 8 2 . -
=107 1&%’2&0““‘\ {1 they affect our understanding of the Early Universe.
WL=e”
Bagass , . .
v K decay Unexplored v, sector = opportunity for neutrino telescopes.
1074 s G We define a roadmap for making decisive progress:

lceCube-Gen2
Improved theoretical treatment
Realistic treatment of detection effects

Gen2 will realize the full potential. It can also probe ve, v,!
This is just the beginning: hints will be testable. Improvements in

Astrophysics, point sources, cosmology
Flavor
Ultra-High Energy neutrinos

b4
#~~“fceCube-Gen2 v, are welcome!
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() https://github.com/ivan-esteban-phys/nuSIprop
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How does this look in lceCube? (Generated with content in Abbasi et al, 2011.03545. We thank C. Arguelles & A. Schneider)
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Double-dips and non-resonant effects are relevant!
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How does this look in Gen2?
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T

Improve on Gen2?
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